Motivation and research questions
Global competition in higher education (HE) has had a great influence on the priorities of national governments in recent years (Chirikov 2016) . The global ranking of universities has become a powerful tool, influencing the perception of success and excellence in higher education at national and institutional levels (Hazelkorn 2011 , 2014 , Altbach et al. 2017 ). Many countries have launched programs to develop a group of so-called 'world-class' universities (Altbach & Salmi, 2011) . Such policies are known as Excellence Initiatives (ExIn), and are aimed at pushing particular higher education institutions (HEIs) to compete successfully in international education and research markets. Since 2000, more than 40 excellence-driven initiatives have been launched in more than 20 countries. More than US$60 billion has been invested in these initiatives (Salmi 2015) .
Inspired mostly by the success of the Chinese ExIn, Russia initiated Project 5to100 in 2012. The basic aim of the project is that at least five Russian universities will be among the world's top 100 universities according to key world university rankings by 2020. Fifteen universities were selected on a competitive basis in 2013 and have been receiving additional funding each year.
ExIns in higher education are mostly aimed at boosting the production of the key output, that is the international research intensity of universities (Salmi 2012) . A number of academic papers have evaluated the changes in publication productivity for Chinese universities (Zhang et ExIns are not only funding programs to achieve higher output in terms of research productivity; they also aim to bring organizational transformations to institutions and institutional environments. These include changes in the internal activities and efficiency of universities. To the best of our knowledge only two studies assess the effects of ExIn through the evaluation of university efficiency. Gawellek and Sunder (2016) examine effects of the German ExIn on the efficiency of universities using data envelopment analysis (DEA), the Malmquist index and its decomposition. Yaisawarng and Ng (2014) also use DEA and compute the annual efficiency scores to test if Chinese Project-211 universities perform better than non-211 universities, and compute the Malmquist index to examine whether productivity changes and technological advancement took place over a three-year period.
The main objective of this study is to estimate the changes in the activities of Project 5to100
universities. There are two key research questions:
 What are the effects of the participation in ExIn on university performance?
 Have there been any changes in the efficiency of the participating universities since the implementation of the project?
A striking inadequacy among studies evaluating the effects of ExIns on university activities is the lack of evaluation of performance and efficiency score changes between participant and nonparticipant groups solving the attribution challenge using PSM. This study addresses this gap by deploying an innovative quasi-experimental design to study the effects of ExIns. We employ an empirical analysis based on five steps:
Step 1: Single out HEIs comparable to excellence-driven universities at the start of the program which are not part of ExIn, using PSM to create a control group.
Step 2: Check whether after the launch of Project 5to100 there is a significant difference between the control and treatment groups in their key performance indicator -publication activity, by means of quasi-experimental techniques (DID and PSM).
Step 3: Estimate the efficiency of universities participating in the excellence initiative and their control group over a 5-year period (2012-2016) using DEA.
Step 4: Estimate the dynamics of the efficiency of universities measured using the Malmquist productivity index, and its decomposition into (i) efficiency change due to internal change and (ii) technical change due to the overall shift of the efficiency frontier.
Step 5: Identify the explanatory factors at an organizational level, which could potentially affect university efficiency in addition and beyond ExIn.
We observe positive and statistically significant effects of the policy on the efficiency and productivity of universities. The policy's impact on research performance on the participating universities is also positive and significant. We also trace the positive effects of research and development activity, the homogeneity of the academic preparation of students and autonomous status on the efficiency of universities.
The paper is organized as follows. The first section discusses ExIn as a global phenomenon and provides information about Project 5to100. The second section provides a literature review about the effects of ExIn on university performance, the mechanisms/sources of performance changes and the policy background. The third section discusses the performance and efficiency of Russian HEIs on the basis of previous research. The fourth section describes the methodology of the five-step analysis: PSM, DID, DEA, the Malmquist productivity index and Tobit regression.
The key results of the research are presented in the fifth section.
Excellence Initiatives: Aims and Design

Excellence Initiative as a Worldwide Movement
Aiming global competitiveness, excellence and a world-class level of higher education, national policies use different tools such as mergers, the establishment of new universities and upgrading existing ones (Shattock 2017). Excellence initiatives pursue ambitious goals in changing national universities. Governments push universities to become more visible agents of international education and research, and to dramatically improve their productivity measured by the objectives set by governments (Froumin, Lisyutkin, 2015 , Salmi 2016 ).
The particular aims of the initiatives vary greatly from country to country. A comparative analysis of ExIns launched by different countries allowed us to single out some practical rationales for their implementation. First, some governments consider universities to have a direct economic impact producing a significant part of the national GDP, by selling educational services. Secondly, as universities attract foreign students and better professors, the rationale for an ExIn is to develop future leaders of innovative economies and make a greater contribution to the development of human capital. Thirdly, governments focus increasingly on research development as a part of public policy. ExIns promote a more or less universal model of the research university (Mohrman, Ma and Baker 2008). The German ExIn supports this, largely 6 with regards to its support of advanced research at universities. The French ExIn was the part of the "Investments for the Future" program to create multidisciplinary education and research centers complying with global standards (Gesson, 2015) . The Chinese projects "211" and "985" have been discussed extensively. Project-211 supported around a hundred leading Chinese universities in training elite specialists for the implementation of national economic and social development programs (Lixu, 2004) . Project-985 was launched in China in cooperation with local governments to propel a group of leading universities to a world-class level (Litao, Jinjing, 2010).
Russian Excellence Initiative: The Design of Project 5to100
In 2012 Russia joined the race for global competitiveness in higher education by launching Project 5to100. The basic idea of the project was that at least five Russian universities would enter the world's top 100 universities (according to the international rankings -ARWU, THE, QS) by 2020. This initiative gives governmental support (both financial and managerial) to help stimulate academic excellence and the global competitiveness of particular HEIs to the level of the best universities in the world. The implementation of Project 5to100 and the assessment of its results is one of the most important political issues in HE, as a significant amount of money is being invested in a relatively small share of the public HEIs.
In 2013, the first year of the project's deployment, 15 universities were selected on a competitive basis and have been receiving additional funding. The group of the "5to100 universities" was enlarged to 21 universities at the second stage of the project in 2015. Universities aspiring to become part of Project 5to100 prepared detailed road maps for their development by 2020 according to criteria established by the government. The road maps anticipated the achievement of specific performance indicators set by the government. An International Council was established by the government to make the road map assessment more objective and to evaluate the road maps according to international standards. In general, the approaches and design of the Projects is very similar to the Chinese Project-985 (Chirikov 2018 in press).
During the five years in which the project was being implemented, the 5to100 universities have received more than 50 billion rubles (about US$850 million) from the federal budget. In relative numbers, the annual project subsidy is only 2% of the federal budget going to higher education.
The subsidy within universities differs according to their achievements. In 2017 the disparity in the subsidy for high-achievers was twice that for low-achievers (within 15 universities of the first wave).
The characteristics of 5to100 universities vary dramatically in scale. In terms of budget, they differ eight-fold. Project funding does not play a crucial role in all universities. For some it makes up about 28% of overall funding, but for others only 5%. From this perspective, it is also likely that the effects generated by this additional money might be heterogeneous across institutions, because of their different sizes and structures (for example, the different mix of disciplines and departments). Almost all the 5to100 universities operate in STEM fields.
Despite the differences, most of the universities involved in the project have been successful in achieving their principal goals. The dynamics are positive in terms of their positions in international university subject rankings. In 2017, 15 universities included in Project 5to100 entered the subject rankings of the QS World University Rankings. These subject rankings include "physics and astronomy", "electronic engineering", "mathematics", "information technology", "chemistry", and "engineering, aerospace and industrial engineering". Five universities are already among the top 100 universities of the world, according to QS subject rankings already (Table 1) .
[ Table 1 Figure 1 ). In the short term all of the strategies can be successful in reaching the targets and producing higher outputs, however in the longer term the efficiency of activities can also worsen in some cases.
[ Figure 1 ] here Although the aims and general results of ExIns are much debated (Salmi 2012 (Salmi , 2016 ) the estimations of how universities change their performance and activities due to participation in ExIns are limited (see the case studies in Altbach et al. 2016) . The key reason is the duration of programs and their delayed effect (the time challenge). Real university modernization takes many years, at least eight to ten (Salmi 2012) , and most initiatives were implemented only recently. Moreover, the design of a study evaluating the effects of the policy should take into account the objectives of the policy, changing contexts, and other factors affecting university changes (the attribution challenge) (Yufang 2017) . Empirical evidence mainly addresses the changes in publication activity, but there is some literature on the estimation of efficiency transformations. These provide an argument for conducting an evaluation of the short-term results of the policy in Russia.
Potential effects on publication activity
ExIns are mostly aimed at upgrading the research capacity of universities (Salmi 2009 (Salmi , 2016 ), a number of papers evaluate changes in university publication productivity. The study of Chinese universities participating in Project-985 by Zhang et al. (2013) found that the rate of growth of publications for universities as a whole increased more quickly after the implementation of the 
Potential effects on efficiency
ExIns are not only funding programs to achieve higher output in terms of research productivity, but they are also aimed to bring organizational transformations of institutions and institutional environment. Gawellek and Sunder (2016) state that the participants managed to show efficiency and productivity growth due to additional funding within the program, but the main concern is whether these universities will continue their movement toward excellence, as the funding is limited in time. Yaisawarng and Ng (2014) , in the context of Chinese HE, use DEA and computed the annual efficiency scores to test if the Project-211 universities perform better than non-211 universities;
and compute the Malmquist index to examine whether productivity changes and technological advancement took place over a three-year period. They found a positive effect of participation in Project-211, however the best non-Project 211 universities, despite limited resources, also show productive dynamics.
What do we know about performance of Russian universities?
The Russian HE system is one of the largest in the world. In 2017 more than 4.4 million students were studying at 502 public HEIs with 480 satellites and 266 private HEIs with 171 satellites. 
Methodological and Data
This study develops a five-step analysis to assess the effects of ExIn and efficiency changes of participating universities. We use data from the monitoring of performance of Russian HEIs, Table 2 .
Initially, there were 543 higher education institutions in total. Taking into account the official requirements for potential participants in the ExIn and data availability, we implement the following limitations to our data sample:
 there must be publicly funded students within the university's educational programs;
 the minimal overall number of students enrolled in the educational programs is 4,000;
 the minimal Unified State Exam (standardized national entry exam) grade must be equal to or greater than 64.
We also excluded all universities which had been reorganized during the period (2012-2016), to avoid any bias caused by the structural differences of the units. We also excluded universities participating in the excellence initiative at its second stage. After implementing the limitations, we had a sample of 125 universities, including the 15 first participants of the ExIn program. The total sample used for PSM is 125 universities. After performing the PSM we have a total of 30 universities, 15 participants and 15 in the control group. Only these 30 universities are analyzed at the DiD, DEA, Malmquist index and post-estimation stages.
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[ Table 2 ] here At the first step, we implement a PSM procedure with a twofold objective. PSM is used to assess whether universities participating in the ExIn performed at higher levels than the control group, namely those institutions that are similar to them for several observable characteristics. The propensity scores also guide the selection of the control group for checking the dynamics of university efficiency scores, so that efficiency of ExIn institutions over time can be observed in parallel with the controls.
At the second step, we evaluate the ExIn's direct impact on the research activity of the participating universities, comparing them with the control group by applying two econometric techniques: the average treatment effect based on PSM and DID.
At the third stage we employ both a traditional and a bootstrap DEA technique to measure efficiency scores over a five-year period, including the "zero" year (2012/13 academic year), i.e. The fourth step explicitly takes into account how the productivity index of universities varied over time, and we decompose this dynamic into different causes (pure efficiency gains/losses and a modification of the efficiency frontier) by means of the Malmquist Index procedure.
Lastly, the fifth step includes an analysis of the efficiency determinants which are not in full control of university managers in the short term, for example, the legal status of the organization.
The aim of this analysis is to take into consideration all the potential factors that affect efficiency beyond the implementation of the policy. Details about the steps are provided in the next subsections.
We note the importance of the Stable Unit Treatment Value Assumption (SUTVA) (Rubin, 1978) which imposes the absence of direct interaction of the unities of our analysis. University activities are open to the market, but we consider the treatment effect to be pure, because the scope of the treatment was strictly limited to the participating universities. Even if we assume that the policy was more widespread and occasionally affected the control group, we follow Imbens & Wooldridge (2009) and consider the indirect effects much smaller than the direct treatment; we assume that the SUTVA condition is not violated in our research.
Step 1. Propensity Score Matching: control group selection One of the most popular methodologies to assess government programs is PSM (Rosenbaum and Rubin, 1985) . This is defined as the probability of a treatment that is conditional on a set of observable variables:
where is the status of the treatment (0 if not present and 1 if present) and is a set of observed covariates. Matching entities from the treatment group with entities from the control group is needed to construct the control group. As our study is an observable one, the true propensity score is unknown, but we can calculate it through a logistic model, 0 or 1 being the outcome of treatment assignment. The propensity score, which describes the probability of being in the treatment group for entities, must be calculated according to their characteristics. A correctly conducted randomization leads to a balanced distribution of indicators between the groups. PSM consists of a set of the following steps:
 the selection of variables potentially influencing the probability of entering the ExIn program and a statistical verification of this choice;
 calculations of propensity scores for each university within the sample;
 using variables to balance control between the matched pairs;
 an evaluation of the average effect on the treated based on the matched samples.
One or more matching universities are place in correspondence with each of the universities participating in the ExIn. Every time this procedure is realized, a trial is performed, after which we can measure, how the treatment influenced the participant and how this effect differed from the control university. This approach is frequently used in medical and social studies: an experimental group is matched with a control group to measure the efficiency of a certain therapy or policy. The basic methodology of our research design suggests that only one type of treatment exists, i.e. there is no subdivision of treatment according to amounts of financing within the program.
According to the government regulations of Project 5to100, all the participating universities are obliged to fulfill a certain set of objectives within the framework of the program. Only the activities related to the following objectives are additionally financed by the government within the framework of the project.
 Human resource development and internationalization (the formation of a management pool; attracting managers, young research and educational staff with work experience in leading foreign and Russian universities and research institutions; mobility programs for research and educational employees).
 The development and internationalization of the educational activities (the introduction of new educational programs conjointly with leading foreign and Russian universities and research organizations; the development of post-graduate and doctoral programs).
 The development of research activities (the implementation of fundamental and applied research projects in partnership with leading research and industry organizations).
 The internationalization of the student body and attracting talented students (students support programs; attracting students from leading foreign universities to study in Russian HEIs).
We combine the indicators reflecting the changes expected by the government (Table 3) . Most of indicators that we use are valid for the ExIn, although we do not use all the indicators listed in the official documents as not all of them are quantitative and therefore observable. We believe them to be the best as they represent the two key fields of activities -internationalization and research productivity -and reflect the overall economic context in which the universities perform. The outcome in the PSM model also reflects the framework of the Russian ExIn and is expressed by the number of publications indexed in Web of Science and Scopus. We chose a propensity score nearest neighbor matching 1:1 procedure to be the best in a stage-by-stage selection process. Matching each participating university with another specific one to prove that there are no structural difference effects in the program outcome and performance is crucial. We build a PSM relying on a range of parameters:
 methodological (used by the government to select the participant);
 environmental (such as regional development indicators);
 structural-related variables (such as the share of STEM and medical students).
[ Table 3 ] here
Additional assumptions must also be taken into account. The Conditional Independence Assumption (CIA) implies that selection is solely based on observable characteristics and that all variables influencing the treatment assignment and potential outcomes simultaneously are observed by the researcher. To satisfy the CIA, the values of the characteristics before treatment should be used so that we can be sure all the universities had an equal chance of being chosen.
Common Support ensures that entities with the same characteristic value have a positive probability of being both participants and non-participants. The Common Support Problem means that there can be entities without a matching pair. If the number of such entities is low, they can be dropped. To anticipate, we do not find evidence of problems in the validity of CIA.
We conduct the PSM using data collected before the actual implementation of Project 5to100,
i.e. we use the data for the 2012/13 academic year, following (López-Torres, Prior, & Santín,
2016)
Step 2. Impact on research productivity
The first quantitative analysis of the ExIn uses two different techniques. PSM can be applied to calculate the 'average treatment effect on the treated' (ATT). For our topic of interest, the selection of universities as participants of Program 5to100 is the 'treatment', and selected universities are 'treated': = + * + * * + * +
where is the outcome variable used to estimate the ExIn effect and is the treatment status.
For the research activity indicators, we choose the number of citations and publications indexed in Scopus and Web of Science databases (per 100 faculty members).
Step 3. Measuring university efficiency
Measuring university performance using DEA is common practice. presents a model with finance-based inputs and both teaching and research indicators as outputs.
In practice, the choice of indicators for the assessment should not be limited to those available, nor should it use 'traditional' indicators. Instead, the evaluation procedure should be informed by the discretionary choices set by policy-makers. The present study is limited to assessing the main effects of the policy over a five-year period and it assumes that traditional efficiency measurements approximate the main goals set by policy-makers for improving the Russian HE The specific model used in this paper is shown in Table 4 . We expect each variable to reflect a certain area of university resources (capital, size or labor) and performance (teaching, research or rankings).
[ Table 4 ] here
The universities face a technology which can be realized through a combination of inputs (x) and outputs (y), or a production possibility set:
= {( , ): ( ; ) ∈ + ; ∈ + } (4)
The combination of inputs and outputs is feasible only for the efficiency frontier of the production possibility set. For the output-oriented model, the technical efficiency is
under the condition − ∑ =1 + = 0, = 1, … , (6)
, , ≥ 0 ∀ = 1, … , ; = 1, … , ; = 1, … ,
Where s are outputs, m are inputs, is the volume of output of type r, belonging to university k, is the volume of input of type i, belonging to university k, and are the slack in outputs and inputs respectively. The efficiency rate of university k is defined as = 1 ; university k is efficient, if the efficiency rate * = 1 and there is no slack in the volumes of inputs and outputs.
If φ* = 1, then the university under evaluation is a frontier point. i.e., there is no other universities that are operating more efficiently than this particular one.
This analysis provides efficiency scores in terms of input used to produce outputs as efficiently as possible. The findings of this stage will be discussed in the results section, but the statistics we derived from the DEA analysis are used to finalize our research in the Malmquist index for productivity measurement. A variable return to scale assumption is implemented for both DEA efficiency estimations and the Malmquist productivity index, as previous research indicates Russian universities operate under variable returns to scale (Gromov, 2017 ).
Step 4. The Malmquist productivity index
We measure the Malmquist productivity index, showing the change in university productivity over time. The methodology is based on DEA and can be modified for input-orientation or output-orientation. This index is measured as a ratio of two distance functions representing the efficiency performance in two different (equation 5 for period t and 6 for period t+1) time periods (Lee, Leem, 2011):
Malmquist Index t+1 = E t+1 (x t+1 ,y t+1 ) E t+1 (x t ,y t ) (11)
Where x and y are the levels of output produced by university i and level of inputs used respectively in period t or t+1. E i t+1 (x t , y t ) is the production frontier that could be achieved by the combination of inputs used and outputs produced in period t if operating under technology in period t+1. E i t (x t+1 , y t+1 ) is the maximum output that could be produced in period t given the outputs and the inputs of period t+1. E i t (x t , y t ) is the actual production combination of inputs and outputs in period t under technology of the same period, as E i t+1 (x t+1 , y t+1 ) is for period
t+1.
By extracting the geometric mean of the two indices we obtain the Malmquist productivity index for each university, where the first ratio is the technical efficiency change of university i, i.e. the closer the university approaches the frontier, the more efficient it is. The second ratio represents the technological change or the shift of the technology frontier and reflects the changes of the technology within the sample as a whole (i.e. something that affects the productivity possibly for all the universities): 
Measuring the index, we can show whether the total productivity, the technical efficiency (or the pure efficiency change) and the technological change (or the technical change) of a certain university is increasing, decreasing or stagnating over time as the Malmquist index will be greater than, less than or equal to unity respectively.
Step 5. Explanatory analysis of DEA efficiency 
where panels i=1,…n, t = 1, … and are the random effects. As the maximum possible efficiency score is 1, we must apply a censoring constraint for the dependent variable:
the * being a latent unobservable term that equals 1.
The model specification relies on the external conditions of HE in the context of the Russian education system. However, it is based on operational indicators which reflect university activities apart from the ExIn roadmaps. Thus, we use the "autonomous institution" dummy variable: the status of an autonomous institution can be gained by a non-profit organization, and it gives higher level of freedom in managing financial resources. The gap between entry exam scores of tuition fee paying students and state-funded students measures the internal differentiation in terms of the academic preparation of students. "Share of full-time students"
reflects the proximity to the model of a research university (in contrast to a teaching university).
"Market share" is calculated as the share of a university's students in the total student body of the region (excluded from the final model due to bad fitness). "Proxy for Moscow/Saint Petersburg/Tomsk region" captures the fact of positive migration flows of 17-20 years olds to these cities. However, "market share" and "proxy variable for Moscow/Saint Petersburg/Tomsk region" did not fit the model and were excluded.
Results
Control group selection
To make the evaluation unbiased, we conduct the PSM to ensure that the treated and the control groups of universities are similar when considering their observable characteristics: we do not observe any difference between the two groups due to a successfully conducted PSM. Tables 5   and 6 show the results for the first and last years of the analysis, respectively.
Twelve (five non-participants and seven participants) of the 30 final items belong to the Moscow/Saint Petersburg region, most of the universities specializing in technical or engineering sciences. No structural differences were observed after the PSM. This will be later additionally proved via the lack of a statistically significant difference in efficiency scores among the two groups at the zero point of the analysis. In other words, the participants and the non-participants
were not significantly different from each other in terms of their relative efficiency before the actual changes in the strategic and operational development. Thus, we can claim that while observing a difference in both the technical efficiency and the direct impact of ExIn on the research productivity of the universities after ExIn had started, we can be assured that this difference is caused by ExIn. 
ExIn impact on publication activity: propensity score matching and difference-in-difference
As anticipated in the methodology section, to find the ExIn effect on research productivity two different methodologies were applied: the PSM-based average treatment effect on the treated and the DID approach. The results are presented in Table 7 .
Average treatment effect on the treated ATT is 130.18 ±27.37 publicationsindexed in Web of Science or Scopus per 100 faculty members. In terms of citations per 100 faculty members the observed effect was the following:
987.9 ±400.22 in favor of the participant group. Thus, on average universities participating in the ExIn had better research output than the non-participants 2013-16.
Difference-in-differences approach
The DID revealed similar results: the effects on both publications and citations are positive due to the time-treatment (i.e. ExIn) effect. The effect of the ExIn in terms of the number of publications by faculty members of participating universities is 90.5 for publications indexed in Scopus or Web of Science (per 100 faculty members), on average a faculty member of a university participating in the ExIn produces 0.9 more publications than her/his counterpart from the control group. As for citations, the effect is also positive: 833.00 more citations were indexed in Scopus or Web of Science (per 100 faculty members), or 8.33 more citations per faculty member. A comparative presentation of both methods' results is presented in Table 7 . The results confirm the positive effects of the policy on the university productivity.
[ Table 7 ] here
Efficiency analysis of Russian universities after the policy
The efficiency indices (Table 8) The most important highlight of the efficiency analysis is related to the fact that we conduct a short-term measurement of a long-term program. However, even given this condition, we are able to observe a statistically significant difference in relative efficiency by the end of the observed period. ExIn universities are more efficient than their counterparts in the 2016/17 academic year and perform better than themselves in the same modeling conditions in the zero year (by 7.6 p.p.) and in the first year of the ExIn (by 5.8 p.p.) .
[ Table 8 ] here
A closer look at the DEA efficiency scores in dynamics permits a better understanding of the difference between the two groups. There are some crucial highlights that can explain the drop (Fig. 2) in the growth of participant efficiency. First, all possible expected effects of the ExIn have delayed effects and they require time to settle. The ExIn can be regarded as a specific reputational signal in the HE system: participation in the project can improve a university's status but it can increase the competition among the universities, including non-participants.
The DEA-obtained efficiency scores are proved to be robust through a Pearson's r and significant and high correlations with the bootstrapped efficiency scores. A robustness check with a step-by-step exclusion of each of the model's parameters and a re-estimation is presented in the Appendix and confirms the findings. Finally, the Kolmogorov-Smirnov test proves the similarity of efficiency score distributions for the treated and control groups both in the zero year and the final year of our analysis. The difference in the means is tested using both parametric (ttest) and non-parametric (Wilcoxon signed-rank test) techniques (Table 9) .
[ Table 9 ] here
Malmquist Index dynamics: how productivity changed after the policy
The Malmquist index can be decomposed into efficiency change, measuring efficient modifications within the university, and technology change, measuring the change referring to the shift relative to the efficiency frontier. This means that the total productivity is explained through a combination of  efficient managerial changes inside the universities (the efficiency change), i.e. to what extent universities are able to adopt changes in technology inside the small ExIn-control group economy;
 and the frontier shift or the technological change, affecting the system of universities.
During the period, the means of the productivity indices (including total productivity, efficiency change and technical efficiency), do not vary significantly between the two groups except for the last year (Table 10) . Both participants and non-participants, on average, reach the frontier in terms of the total productivity factor at the beginning of the observed period, and improve their performance significantly over time.
[ Table 10 ] here
The participants are those who tend to push the technological frontier and expand it, i.e. technological progress is observed over the period, while the non-participants tend to produce more outputs with the resources they possess. However, the total change in productivity through the observed period proves that the participants managed to increase their total productivity by more than 400%, which is mostly explained by the almost 370% increase in the frontier shift component and an 11.4% increase in efficiency change. The dynamic overlap of the DEA efficiency analysis and the Malmquist index shows that in the first to second year period (2013/14-2014/15 academic years) of the ExIn, the participants managed to considerably shift the frontier (by 116.4%) and to approach it in a more efficient way, increasing their technical efficiency by 190%. Just as the DEA analysis revealed, this progress was followed by a relative decline which recovered in the last year of the observed period (Table 10 ).
The Malmquist index and its decomposition suggest that the ExIn produces a positive effect not only on the participants, via an increase in the total productivity factor, a gain in pure efficiency and a considerable improvement in technological change. The non-participants, most of whom had applied for the ExIn, also improved their performance considerably. We claim that the ExIn had a positive spill-over effect: the participants introduced a new technology immediately after the program started, and the non-participants gradually started to adopt it. However, even though the trend in total productivity factor is almost parallel in the last years of our analysis, the growth rate of the frontier shift component for participants is greater than for the control group.
Moreover, the treated universities, unlike the control group, experienced an increase (albeit limited) in pure efficiency.
Explanatory analysis of DEA efficiency scores
In the last stage of the analysis, the factors affecting university efficiency are investigated through a bootstrapped Tobit panel data regression. Alternative factors that can explain the change in efficiency scores between the two groups were included. Bootstrapped efficiency scores are regressed using factors which are not in full control of university management and the factors which reflect the way universities operate beyond the ExIn roadmaps. The results are presented in Table 11 .
After a set of iterations for best model fit, we observe several significant determinants for university efficiency. The effect of Autonomous institution equals a 0.096 point increase (p<0.01). The financial structure of universities is reflected through the share of research and development income in the total financial resources. This parameter reflects the universities' engagement in research activity. The effect is moderate but positive and equals 0.0055 (p<0.001). The student body structure is another indicator we use to explain the efficiency dynamics. A high share of part-time students reflects profit-gaining in education as part-time education is an unselective option and is in demand (low opportunity costs and low tuition fees).
The effect of the share of full-time students is significant (p<0.01) but moderate, 0.0012. Finally, the average entrance state exam score effect is examined. This indicator is divided into two separate determinants Russian HEIs have a dual-track system: the highest achievers compete for state-funded places and students with lower scores compete for paid places. If the student body structure is more homogeneous in terms of entry exam scores, the efficiency increases. The effect of the parameter is -0.0098 (p<0.001).
[ Table 11 ] here
The second-step regression analysis reveals additional mechanisms that can determine positive managerial changes within the participants and can have an impact on the efficiency of the control group. Autonomous status provides greater freedom in the distribution of financial resources within university activities leading to an increase in efficiency. The more the university management can spread the resources -in adapting to new challenges and external factors -the more efficient the university is. Even with the design of the ExIn to fulfill two main aims: internationalization and increased research quality, the more the university is focused on research and development activity, the more relatively efficient it is in terms of the ExIn design.
Research-oriented universities are more likely to enter the rankings, to gain a reputation and to remain efficient.
Concluding remarks
This study contributes to the discussion of the effects of the ExIn on university performance and efficiency. Our research is the first attempt to measure the efficiency of universities participating in the Russian ExIn. This paper develops a methodology for a complex causal assessment of ExIn effects. The issue of causality is present in the field of educational studies, especially if reform effects are evaluated (Schlotter et al., 2009 ). We reduce the causality ambiguity by forming a control group of universities, which are as similar to universities already participating in the ExIn as possible. One of the main external proofs of PSM quality is the fact that most of the control-group universities applied for the program and could compete with those who were finally accepted. After performing this step, we continue the evaluation via effectiveness (ATT, DID) and efficiency (DEA, the Malmquist index) analysis, later complemented by a secondstage double-bootstrap panel data explanatory analysis of efficiency determinants. Due to the high heterogeneity of the Russian HE system, the participants differ a lot from each other, i.e. in terms of the share of the ExIn subsidy within the total budget. This is one of the arguments to support measuring efficiency in terms of resource allocation and output maximization, not in terms of spending.
The combination of methods is has practical value for a quantitative evaluation of the reform effects. The main concern of our analysis is based on the discrepancy between the factual efficiency and the productivity of universities within the control group with their underrepresentation in world rankings. For instance, even being successful overall in terms of allocating their resources, they still cannot compete with the participants in terms of ranking inclusion. This might mean that not only efficiency matters, but what could be even more important while competing with the world best-performers, is reputation, status and internal managerial structure.
We agree that the ExIn design motivates universities to implement internal organizational changes which can lead to an increase in efficiency. In fact, our analysis revealed that the ExIn positively affects not only the participating universities, but the control group as well. The efficiency increase among the participants was followed by a positive trend in the control group's efficiency. The participants changed their production technology, which motivated the control group to adopt the new technology and even compete with the participants.
The factors which determine the efficiency increase apart from the ExIn itself, include a higher degree of management freedom in terms of financial resource allocation and a higher level of research and development orientation. This positively influences the efficiency within our modeling. The questionable inclusion of a rankings indicator into our efficiency modeling was checked for robustness: the difference in efficiency scores for modeling with and without raking is not statistically significant.
We examine the mechanisms for obtaining efficiency which can be used in decision making in the further development of the ExIn. On the one hand, participation in ExIn has a positive impact on total productivity and technical efficiency. Moreover, the participant universities perform better than non-participants. On the other hand, the difference between the groups is not sustainable in terms of this relative efficiency modeling. There are universities that have a high efficiency score and very positive changes even without additional project funding. This finding can be used for project design review: participants are currently evaluated on a yearly basis, but 28 in fact, the kinds of changes that are awaited, demand a longer period of time (Poldin et al. 2017 ).
Finally, we observe quick growth in participant efficiency right after the ExIn started. This progress can be explained through the mobilization of recourses and was later followed by a decrease in efficiency growth and can also indicate a reputational effect of the ExIn, which can be examined in detail in future research. However, the participants manage to significantly outdo the control group by the end of the observed period. This progress in efficiency is complemented by progress in research effectiveness, measured by the number and the quality of publications.
The latter is measured in two different ways: the average treatment effect on the treated, and the DID approach. The results confirm that that Project 5to100 had a statistically significant, positive effect on the efficiency and productivity of participating universities. 
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